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© Multiprocessing apparatus. 

© Disclosed is a multiprocessing apparatus having 
a plurality of process processors (30, 40, 50) con- 
nected to a carrier processor (10) and controlled by 
a control system (13. 33, 43, 53), wherein there are 
provided connection information signal generating 
means (33e, 43e, 53e) for generating a connection 
information signal expressing information of connec- 
tion of the plurality of process processors to the 
carrier processor, switching means (13g) for generat- 
ing a registration information signal expressing in- 
formation of registration of connection of the plurality 
of process processors to the carrier processor; and 
control means (13a) for carrying out a control pro- 
cess while logically judging a matching state be- 
tween the connected process processors and the 
registered process processors by reference to the 
connection information and the registration informa- 
tion. Thus, it is possible to provide a multiprocessing 
apparatus in which process processors to be con- 
nected to the carrier processor can be increased or 
decreased in number easily and securely. 
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The present invention relates to a multiproces- 
sing apparatus and particularly to a control system 
for generally controlling a plurality of processors 
connected to a carrier processor. 

A semiconductor producing apparatus for flexi- 
bly executing a semiconductor wafer process by 
using a vacuum processing apparatus having a 
plurality of processors connected to a carrier pro- 
cessor has been disclosed in JP-A-63-1 29641. 

In the case where the operation of the vacuum 
processing apparatus is continued while processors 
unnecessary for the wafer process and unworkable 
processors are connected to the carrier processor, 
a wafer process control sequence in which these 
processors are excluded can be set in this type 
semiconductor producing apparatus. 

In such a vacuum processing apparatus, on the 
other hand, facilitation of alteration of the wafer 
process in the same apparatus configuration and 
increase or decrease of the number of the proces- 
sors to cope with a variety of wafer processes is 
required. 

The conventional vacuum processing apparatus 
is however insufficient in consideration of matching 
between the carrier processor and processors con- 
nected thereto. There arises a problem therefore in 
that if there is any mismatching between the two, 
the vacuum processing apparatus as a whole falls 
into the impossible of operation and the time re- 
quired for clearing up the cause of the failure is so 
long that the working ratio of the apparatus be- 
comes low. That is, in the vacuum processing 
apparatus in which controllers for the carrier pro- 
cessor and process processors connected thereto 
perform controlling operations relationally, if the 
relational operations are mistaken with respect to 
increase or decrease of the number of the proces- 
sors or in connection with maintenance, both a 
wafer carrying operation and a process set by an 
operator cannot be performed so that the operation 
of the apparatus is stopped. 

Furthermore, wasteful electric power is con- 
sumed in the conventional vacuum processing ap- 
paratus because main circuit electric sources are 
turned on even for processors not used. Moreover, 
because such main circuit electric sources are 
turned on, maintenance of processors not used 
cannot be made when the vacuum processing ap- 
paratus is in operation, so that the wofKing ratio of 
the apparatus cannot be improved. 

Therefore, an object of the present invention is 
to provide a multiprocessing apparatus in which 
processors to be connected to the carrier proces- 
sor can be increased or decreased in number 
easily and securely. 

In addressing the object, the present invention 
provides a multiprocessing apparatus comprising a 
carrier processor, a plurality of process processors 



connected to the carrier processor, and a control 
system for controlling the carrier processor and the 
plurality of process processors, wherein the ap- 
paratus further comprising: connection information 

5 signal generating means for generating a connec- 
tion information signal expressing information of 
connection of the plurality of process processors to 
the carrier processor; switching means for generat- 
ing a registration information signal expressing in- 

w formation of registration of connection of the plural- 
ity of process processors to the carrier processor; 
and control means for carrying out a control pro- 
cess while logically judging a matching state be- 
tween the connected process processors and the 

is registered process processors by reference to the 
connection information and the registration informa- 
tion. 

Because the control means executes control- 
ling while logically judging the matching state be- 
20 tween the actually connected processors and the 
registered processors by reference to the proces- 
sor connection information and the processor reg- 
istration information, the trouble that process con- 
trolling is started while the processors are mis- 
25 matched can be eliminated. 
In the drawings: 
Fig. 1 is a block diagram of a control system of 
a semiconductor vacuum processing apparatus 
as an embodiment of the present invention; 
30 Fig. 2 is a constituent diagram showing the 
schematic configuration of the semiconductor 
vacuum processing apparatus; 
Fig. 3 is a view showing the configuration of a 
processor connection information table in this 
35 embodiment; 

Fig. 4 is a view showing the configuration of a 
processor information table in this embodiment; 
Fig. 5 is a view showing the configuration of a 
processor connection state logical judgment ta- 
40 ble in this embodiment; 

Fig. 6 is a flow chart of control executed by the 
main control means in this embodiment; 
Fig. 7 is a flow chart of a control routine ex- 
ecuted by the main control means in this em- 
45 bodiment; 

Fig. 8 is a flow chart of a control routine ex- 
ecuted by the main control means in this em- 
bodiment; and 

Fig. 9 is a flow chart of a control routine ex- 
50 ecuted by the main control means in this em- 
bodiment. 

An embodiment of the present invention will be 
described hereunder in detail with reference to the 
drawings. 

55 Fig. 1 is a block diagram showing a control 

system of a semiconductor vacuum processing ap- 
paratus as an embodiment of the present invention. 
The schematic structure of the semiconductor 
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vacuum processing apparatus will be described 
with reference to Fig. 2 before description of the 
operation of the control system. 

Referring to Fig. 2, there is shown a semicon- 
ductor vacuum processing apparatus having three 5 
processors connected to a carrier processor. The 
carrier processor 10 has one side to which a load 
lock chamber 21 and an unload lock chamber 22 
are connected, and the other three sides to which 
process processors 30, 40 and 50 for processing w 
semiconductor wafers are respectively connected. 
Process processing chambers 31, 41 and 51 of the 
process processors 30, 40 and 50 are connected to 
a carrier processing chamber 11 of the carrier 
processor 10 respectively through gate valves 61, is 
62 and 63 so that semiconductor wafers can be 
carried by an arm 12-1, 12-2, 12-3 of the carrier 
processing chamber 11 through the gate valves 61, 
62 and 63 opened. The wafers are transported 
between arms through stages 14-1 and 14-2. Elec- 20 
trodes 32, 42 and 52 for mounting semiconductor 
wafers thereon and discharge devices (not shown) 
for processing the semiconductor wafers are pro- 
vided in the process processing chambers 31, 41 
and 51, respectively. Further, vacuum exhaust de- 25 
vices for exhausting the process processing cham- 
bers are connected to the process processing 
chambers 31, 41 and 51, respectively. 

A control system for controlling those parts has 
a carrier controller 13 for controlling the carrier 30 
processor 10. a process controller 33 for controlling 
the process processor 30, a process controller 43 
for controlling the process processor 40, and a 
process controller 53 for controlling the process 
processor 50. 35 

This semiconductor vacuum processing appa- 
ratus is systematized so that a semiconductor wa- 
fer to be processed is picked up from a load 
cassette (not shown) to the load lock chamber 21 
by an air carrier (not shown) and then carried into 40 
arbitrary one of the process processing chambers 
31, 41 and 51 by the arm 12-1, 12-2, 12-3, and the 
processed semiconductor wafer is carried out to 
the unload lock chamber 22 and then returned to 
the original cassette or another cassette by the air 4s 
carrier. 

Examples of processes executed by the pro- 
cess processors 30, 40 and 50 are a film forming 
process, a CVD process, an etching process, etc. 
The process processors 30, 40 and 50 execute 50 
these processes under control by the process con- 
trollers 33, 43 and 53, respectively. 

Fig. 1 shows in detail the configuration of the 
control system. 

The carrier controller 13 has a main control 55 
means 13a, a failure history information table 13b, 
a processor connection information table 13c, a 
processor state information table 13d, an identifica- 



tion information holding means 13e, and a commu- 
nication means 13f which are connected to the 
main control means 13a. Further, the carrier con- 
troller 13 has a switching means 13g connected to 
the identification information holding means 13e. 

The carrier controller 13 controls the arm 12-1, 
12-2, 12-3 and the gate valves 61, 62 and 63 so 
that a semiconductor wafer to be processed is 
carried from the load lock chamber 21 into arbitrary 
one of the process processors 30, 40 and 50 and 
that the processed semiconductor wafer is carried 
out from arbitrary one of the process processors 
30, 40 and 50 to the unload lock chamber 22, and 
at the same time, controls the process controllers 
33, 43 and 53 so that predetermined processes are 
respectively executed by the process processors 
30, 40 and 50. 

The failure history information table 13b is a 
table for storing information of failures (for exam- 
ple, discharge failure, pressure failure, electric 
source failure, etc.) occurring in the process pro- 
cessors 30, 40 and 50. 

As shown in Fig. 3, the processor connection 
information table 13c is a table for storing the 
relations in connection between the carrier proces- 
sor 10 and the process processors 30, 40 and 50. 

As shown in Fig. 4, the processor state in- 
formation table 13d is a table for storing informa- 
tion for identification of the states (the states of 
control by the carrier controller 13 and the process 
controllers 33, 43 and 53) of the process proces- 
sors 10, 30, 40 and 50. 

The identification information holding means 
13e stores a registration information signal given 
from the switching means 13g and a connection 
information signal given from a connection signal 
generating means which will be described later, 
and holds these signals as information for iden- 
tification as to whether the process processors 30, 
40 and 50 are validly connected to the carrier 
processor 10, on the basis of a logical judgment as 
shown in Fig. 5. 

The communication means 13f has a bidirec- 
tional communication function. A CSMA/CD com- 
munication system or a token-ring communication 
system is used as the communication means 13f. 
The communication means 13f communicates with 
the process controllers 33, 43 and 53 through a 
communication medium 71 such as a stranded 
cable, a coaxial cable, etc. 

Tne switching means 13g generates a registra- 
tion information signal for registration as to whether 
predetermined one or ones of the process proces- 
sors 30, 40 and 50 to be connected to the carrier 
processor 10 are connected to signal lines respec- 
tively assigned thereto. A dip switch operated by 
an operator, or the like, is used as the switching 
means 13g. 
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Alternatively, it is considered that the registra- 
tion information may be stored in the switching 
means 13g. For example, an electrically erasable 
memory (EEPROM) may be used as the switching 
means 13g to store the registration information 
preliminarily. 

The process controllers 33, 43 and 53 are 
provided independently of the carrier controller 13 
and connected so that signal transfer is made 
through the communication medium 71. The pro- 
cess controllers 33, 43 and 53 respectively have 
communication means 33a, 43a and 53a, subsid- 
iary control means 33b, 43b and 53b, processor 
connection information tables 33c, 43c and 53c, 
and processor state information tables 33d, 43d 
and 53d which are connected to the communica- 
tion means 1 3f through the communication medium 
71. Further, the process controllers 33, 43 and 53 
respectively have connection signal generating 
means 33e, 43e and 53e connected to the iden- 
tification information holding means 13e. 

The communication means 33a, 43a and 53a, 
processor connection information tables 33c, 43c 
and 53c and processor state information tables 
33d, 43d and 53d are respectively formed in the 
same manner as the communication means 13f, 
processor connection information table 13c and 
processor state information table 13d of the carrier 
controller 13. 

The subsidiary control means 33b, 43b and 
53b execute predetermined control processes in- 
dividually in response to control signals received 
from the carrier controller 13 and then return con- 
trol results and control states. 

The connection signal generating means 33e, 
43e and 53e are means for respectively generating 
connection information signals expressing the fact 
that the process processors 30, 40 and 50 are 
connected to the carrier processor 10. Signals (for 
example, breaker-on signals) expressing the fact 
that the process controllers 33, 43 and 53 are 
connected to electric source circuits, or other digi- 
tal signals, are used in the connection signal gen- 
erating means 33e, 43e and 53e. 

As another method by which the carrier pro- 
cessor 10 recognizes the connection information, it 
is considered that (i) the carrier processor may 
receive the connection information from the respec- 
tive process processors by the communication 
means and may recognize the connection informa- 
tion or that (ii) the earner processor may make a 
request for the connection information to process 
processors connected to the canier processor and 
may recognize the connection information. 

A terminal means 81 is controlled by the main 
control means 13a and used for the double pur- 
pose of displaying guidance for operators and of 
inputting the sequence of processes to be ex- 



ecuted by the process processors as relational 
information of process processor and process re- 
ceipe number. 

A control process executed by the main control 
5 means 13a in the operation of the semiconductor 
vacuum processing system will be described here- 
under with reference to Figs. 6 through 9. 

When a main electric source switch (not 
shown) for the semiconductor vacuum processing 

w system is turned on in the step 1 10, the situation of 
the routine goes to the step 120 in which control 
electric sources for the process controllers 33, 43 
and 53 are validated (turned on). Then, the situ- 
ation of the routine goes to the step 130 in which 

75 information stored in the identification information 
holding means 13e is confirmed, and to the step 
140 in which a judgment as to whether there is any 
processor invalid in connection is made for display- 
ing the connection state and the guidance for res- 

20 toration. When there is any processor invalid in 
connection, the situation of the routine goes to the 
step 150 shown in Fig. 7. When there is no proces- 
sor invalid in connection, the situation of the routine 
goes to the step 220 shown in Fig. 8. 

25 The step 150 is a step for branching the con- 

trol correspondingly to the cause of invalidity in 
connection. In the step 150, information stored in 
the identification information holding means 13e is 
judged logically. When registration information and 

30 connection information corresponding to the pro- 
cessor invalid in connection respectively express 
"unregistered" and "connected", the situation of 
the routine goes to the step 160. When the reg- 
istration information and the connection information 

35 respectively express "registered" and 
"unconnected", the situation of the routine goes to 
the step 170. When the registration information and 
the connection information respectively express 
"unregistered" and "unconnected", the situation of 

40 the routine goes to the step 220 shown in Fig. 8. 

The state in which the registration information 
and the connection information respectively ex- 
press "unregistered" and "connected" shows the 
case where the operation of registering a process 

45 processor by the switching means is idled after 
connection of the process processor. Accordingly, 
in the step 160, guidance for turning the switching 
means 13g to "registered" with respect to the 
process processor is displayed on the terminal 

50 means 81. Then, in the step 180, the inputting of 
the registration information signal given from the 
switching means 13g is confirmed. Thereafter, the 
situation of the routine goes to the step 220 shown 
in Fig. 8. 

55 The state in which the registration information 

and the connection information respectively ex- 
press "registered" and "unconnected" shows the 
case where the information signal of "connected" 
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from the connection information generating means 
cannot be inputted because of disconnection of the 
process processor for maintenance or because of 
failure in the control electric source or the signal 
circuit. Accordingly, in the step 170, guidance for 
requesting an input for selection as to whether the 
process processor is regarded as "unconnected" 
(neglected) or whether the process processor is 
used after restoration to a valid state (restored) is 
displayed on the terminal means 81. Then, in the 
step 190, the inputting of selection given from the 
terminal means 81 is checked. When the selection 
is "neglected", guidance for operating the switch- 
ing means to make the process processor 
"unregistered" is displayed on the terminal means 
81 in the step 200. When the selection is 
"restored", guidance for restoring the process pro- 
cessor is displayed on the terminal means 81 in 
the step 210. 

After the aforementioned control process is ex- 
ecuted, in the step shown in Fig. 8, the process 
processor validly connected to the carrier proces- 
sor is confirmed and registered by reference to the 
connection information and the registration informa- 
tion stored in the identification information holding 
means 13e. Then, in the step 230, a judgment is 
made by reference to the failure history information 
table 13d as to whether the "validly connected" 
process processor is normal or abnormal. Then, in 
the step 240, a judgment is made as to whether 
there is any abnormal process processor. 

When there is no abnormal process processor, 
the situation of the routine goes to the step 250 in 
which the main circuit electric source for the nor- 
mal process processor is turned on. 

When there is any abnormal process proces- 
sor, the situation of the routine goes to the step 
260 in which the abnormal process processor and 
the abnormal state thereof are displayed on the 
terminal means 81. Furthermore, in the step 270, a 
judgment is made as to whether the semiconductor 
vacuum processing apparatus can be operated 
while the abnormal process processor is connected 
to the carrier processor. When the apparatus can 
be operated, guidance for operating the switching 
means 13g to make registration information cor- 
responding to the abnormal process processor 
"unregistered" is displayed on the terminal means 
81 in the step 280 and then the situation of the 
routine goes back to the step 250. When the sys- 
tem cannot be operated, guidance for restoring the 
abnormal process processor is displayed on the 
terminal means 81 in the step 290. 

Then, in the step 300, a process processor 
connection state judging and setting routine is car- 
ried out and then the situation of the routine goes 
to the vacuum processing operation. 



The routine of the step 300 is shown in Fig. 9. 
In the step 301, identification information stored in 
the identification information holding means 13e is 
read and subjected to a judgment as to whether 
5 the process processors 30, 40 and 50 are validly 
connected, so that judgment results are stored in 
the processor connection information table 13c. 
Because this embodiment shows the case where 
three process processors 30, 40 and 50 are validly 
to connected to the carrier processor 10, the data 
stored in the processor connection information ta- 
ble 13c is "00001111" (validly connected: 1, un- 
connected or invalidly connected: 0). 

Then, in the step 302, the connection informa- 
75 tion is transmitted to the process controller 33 and 
stored in the processor connection information ta- 
ble 33c of the processor controller 33. 

Like this, in the step 303, the connection in- 
formation is transmitted to the process controller 43 
20 and stored in the processor connection information 
table 43c of the processor controller 43. 

Also like this, in the step 304, the connection 
information is transmitted to the process controller 
53 and stored in the processor connection informa- 
25 tion table 53c of the processor controller 53. 

In the vacuum processing operation, a process 
of checking the states of the process processors 
10, 30, 40 and 50 at any time and altering the data 
stored in the processor state information tables 
30 13d, 33d, 43d and 53d on the basis of the state 
information is carried out. The process processors 
having the connection information and the state 
information stored therein can carry out respective 
processes while control signals are transferred, on 
35 the mutual recognition of information of the process 
processors. 

As described above, according to the present 
invention, matching between an actually connected 
process processor and a registered process pro- 

40 cessor is judged logically by reference to proces- 
sor connection information and processor registra- 
tion in formation, so that the trouble that process 
controlling is started while the two are mismatched 
can be eliminated. 

45 Furthermore, the mismatched process proces- 

sor can be used or restored properly through dis- 
playing the mismatching state on the terminal 
means, so that the working ratio of the system can 
be improved. 

50 

Claims 

1. A multiprocessing apparatus comprising a car- 
rier processor (10), a plurality of process pro- 
55 cessors (30, 40, 50) connected to the carrier 

processor, and a control system (13, 33, 43, 
53) for controlling said carrier processor and 
said plurality of process processors, wherein 
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said apparatus further comprising: connection 
information signal generating means (33e, 43e, 
53e) for generating a connection information 
signal expressing information of connection of 
said plurality of process processors to said 
carrier processor; switching means (13g) for 
generating a registration information signal ex- 
pressing information of registration of connec- 
tion of said plurality of process processors to 
said carrier processor; and control means (13a) 
for carrying out a control process while logi- 
cally judging a matching state between the 
connected process processors and the regis- 
tered process processors by reference to the 
connection information and the registration in- 
formation. 

2. A multiprocessing apparatus according to 
Claim 1, wherein said multiprocessing appara- 
tus further comprises a terminal means (81), 
and said control means controls said terminal 
means to display guidance based on the 
matching state. 

3. A multiprocessing apparatus according to 
Claim 1, wherein said multiprocessing appara- 
tus further comprises a failure history storage 
means (13b) for storing information of the his- 
tory of failures occurring in said multiproces- 
sing apparatus, and said control means ex- 
ecutes a process of controlling the connected 
process processors by reference to the failure 
history information. 

4. A multiprocessing apparatus according to 
Claim 2, wherein said multiprocessing appara- 
tus further comprises a failure history storage 
means (13b) for storing information of the his- 
tory of failures occurring in said multiproces- 
sing apparatus, and said control means ex- 
ecutes a process of controlling the connected 
process processors by reference to the failure 
history information. 

5. A multiprocessing apparatus according to 
Claim 1, wherein said multiprocessing appara- 
tus further comprises a processor state in- 
formation storage means (13c) for storing in- 
formation of the states of the respective pro- 
cess processors, and said control means ex- 
ecutes a process of controlling the connected 
process processors by reference to the pro- 
cessor state information. 

6. A multiprocessing apparatus according to 
Claim 2, wherein said multiprocessing appara- 
tus further comprises a processor state in- 
formation storage means (13c) for storing in- 



formation of the states of the respective pro- 
cess processors, and said control means ex- 
ecutes a process of controlling the connected 
process processors by reference to the pro- 
5 cessor state information. 

7. A multiprocessing apparatus according to 
Claim 3, wherein said multiprocessing appara- 
tus further comprises a processor state in- 

io formation storage means (13c) for storing in- 

formation of the states of the respective pro- 
cess processors, and said control means ex- 
ecutes a process of controlling the connected 
process processors by reference to the pro- 

75 cessor state information. 

8. A multiprocessing apparatus comprising a car- 
rier processor (10), a plurality of process pro- 
cessors (30, 40, 50) connected to said carrier 

20 processor, a plurality of process controllers 

(33, 43, 53) for respectively controlling said 
plurality of process processors, and a carrier 
controller (13) for controlling said carrier pro- 
cessor and said plurality of process controllers, 

25 wherein each of said process controllers in- 

cludes connection information signal generat- 
ing means (33e, 43e, 53e) for generating a 
connection information signal expressing in- 
formation of connection of said process pro- 

30 cessor to said carrier processor, and said car- 

rier controller includes switching means (13g) 
for generating a registration information signal 
expressing registration of connection of said 
process processor to said carrier processor, 

35 and control means (13a) for carrying out a 

control process while logically judging a 
matching state between the connected process 
processors and the registered process proces- 
sors by reference to the connection information 

40 and the registration information. 

9. A multiprocessing apparatus according to 
Claim 8, wherein said process controllers and 
said carrier controller respectively includes 

45 processor connection information storage 

means (13c, 33c, 43c. 53c), and said control 
means controls said processor connection in- 
formation storage means to store information 
expressing the relations in connection between 

so said process processors. 
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